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Document : 826902 

Pharmaceutical Product 
T^e present invention relates to a pharmaceutical product. 

More particul^ly. the present invention relates ^^^^^^^^^^ 
which are retained in the stomach. In an --^-^^/^^ j!' ^^^^^""^ 
concerned with a coni^Ued release drug deUvery system for prolonged 

gastric residence. 



BACKGROUND OF THE INVENTION 

I 

Although oral sustained release drug deUvery systems have attracted ^ 
Although oral technologies for prolongation 

considerable attention for the last forty y , 

of aastric residence time of drugs are reasonably recent, ura v 
of gastnc resiaen between different 

the aegree oi pi & Prnloneation of residence m 

r»,n,c beine slowly and continuously released at a 
nrredra^irstrnachcanreachtheah..^^ 
Ltestine in an absorbable state, i.e as a solution or fine d>spers».n. 

During the last 15 years, technologies such as sweUing ^^^^^ 

bioadhesive polymers and inflatable devices in either smgle or multr ^ 
bioaanesivcp jr Althoueh drug retention and drug 

systems have been actively investigated. Although a g 



La^ tested in *o trom most oral prolonged residence dcUve^ ^.^ms 
foreseen and n^tained between reasonable Un.t,. the la^ of m 
Vivo correlation has been evident. 

V, o= «H and motility of the stomach and the fasted 

gastrointestinal tract. 

. recent stud, su^ested that t.e — .an.» 

^jor factor in the development of gastnc ulcer. It has ^ b 

about 60. and 40% of the --^--^^'""^Xr^^l e^Lnt 
ft„dus and the body regions of the stomach, respectively. For an 
^lent. a sustained site-speciac release of antibiotic to *e gastnc 
mucosa is advantageous. 

tv,» chemical bonds associate with mgestea loou- 
acid into pepsm) the chemical bo ^^^^ 



meal. 



AnatomicaUy, the sU^mach may be divided into ^'^^^^ZZ'^^ 
fl Cardia:thesmaUestpartofthestomachandwithm3cmofm 
,) t,arma.ui Thp cardia is rich in mucus glands 

the stomach body and the esophagus. 



^iU) Body: the largest part of the stomaoh. respor^sible for nuxing of ingested 

food and secretion gastrin. x. j 

iv) pylorus; the lower curved part of the stoxnach which connects the body 
with the pyloric canal which empties the stomach content mto the 
duodenum, ■^e pyloric glands are mostly involved in the secretion of 
mucus. 

Tlie stomach activity can be divided into three phases: 
V, The cephalic phase in which the secretion of gastric fluxds such a3 
acids, enzymes and salts, and the motility of the digestive syst«^^ 
stimulated by seeing, smelling, tasting of or even tiunlong about food, 
vi) The gastric phase, which is a continuity of the previous phase and 

pJotedJthtixe arrival of food to the stomach. Ihe gastric phase ,s 
associated with stomach stiess and increase in the secretion of 
hydrochloric acid and en^es. In fasting subjects, the «tomach^ 
JLyV.aslowasl.5. Food ingestion (particularly milk, wdl m>tiaUy 
rjtr^ the stoma., content to as high as pH 6.0^(7, du^g wh^ 
a,e saliva amylase continues acting on the carbohydrate. The presence 
of food in the stomach triggers further secretion of hydrochlonc acd, 
which can continue for up to two hours. Low pH of the stomach 
content will inhibit ti.e amylase activity to create a new env^nment for 

viil Tirtatr^i'phase which is usuaUy initiates a few hours after the 
™' a^vlffoodLdwhenti^eBrstchymeisdeUveredtoti^eduo^um 

The arrival of ti.e chyme to the intestine triggers new sets of hormones, 
enzymes and buffers that coordinate the activities. 

T^ere are several basic prinoples by which drug from an oral ->^^^°^ 
fonn can be deUve^d to ti.e stomach for eiti^er local or — 
Each principle has its own advantages and limitations. Amongst ti.ese 
technologies are: 



1. Swelling and Expanding Systems. 



surrounding, gastnc content, can be re 
.^rt^^ot^ercon,^^- — 

device may sink down m j,,,, to the surface. A 

chan^ng. may ac<^ ^°l^;:,Xi::":eL. ^ent may absorb waUr 
„,onoUthic device compnsmg of drug an 

-sweUtofo^^asoftgeia^ouso^^^J^^ Hydration and 
whilst maintaining Its mtegnty for a pr ^ ^ ^^e device 

..eUing aione would not be enou^ to J*^^ ^ 

density. Hence addition of a smaU amou^^ffe«y level and type of 

^toimp^lewe^.-— 

the swelling agent and the fatty su Swelling also 



the intestine. 



• „d dosage form of a manageable size for swallowmg 
A non-disintegratmg sohd dosage fo ^ ^^^^^ ^^^^ 

xnay freely pass the pylorus. A so,. ^ 

.uiddy in the gastric — ^osa^ forms should not 

Is reduced, for example, by erosion be gradual to prolong its 

hlc^^kthepylorusandthesi^reduc.^^^^^ 
residency. The premature gastnc emptying 
swelling and obstruction of the duodenum. 

^ ^v.^ effect of dosage form si25e on 

variations (5,6). 



K.. n.ost conunon approach to this type of technology is to --P^^^J^ 
core containing drug and swelling agent. ^^"^^ ^^lluble 

When gastric nuid permeates through -^^^^^HT^^. 
content is released the device collapses and discharges through 

Another approach is a soUd dosage form containing drug, swelling agent ^d 
" r^o^ erodihle polymers such as high viscosity Hydros 
celluloseandtheacidsoluble^dr^tE. ^^^^ ^^^^^^^^^'^^Z 

is reduced by erosion. The gastric residence time can be prolonged as long 
as food and water are maintained in the stomach. 

O^e technology has attracted many academic and '^^^^^^^^Z 
but so far has failed to be developed into more than one product (8) Int^ 
^l^ter-variation between individuals and the difHc^t. of m— ng the 
fed state a« obstacles which need to be overcome to allow farther 
progression of this technology. 

A folded sheet dosage form ^ increase time residency was ^^^^^ 
early patent (a., for veterina^use-Xni^y^-^-a^^^^^^^^ 

insoluble difiUsable polymer and -^^^^^^ _p,^,on 
manually rolled and fed to the ammal ejther directly or « „ . 

1, in the stomach the folded sheet «opens to its ongmal size and shape. 
S'opened sheet should be large enough so as not to pass the pyloric 
Sphincter. 

several human studies on the t^sit of non-disintegrated ^^^3^- 
have shown tliat the pyloric sphincter can only pass -^"^ 
than 8 mm. A similar study has carried out using a non-d.sinte^atmg 
polyethylene geometrical shape (20 mm tet^hedron) spiked with a 
LlacLmarUer. T^e device showed a median intention tmie of 6^ h^ 

in fed subjects but a less significant 3 hours median tune m fasted subjects 

(25). 



an an^ s^. r^^-^^ ^To Tl^. 

S.,r^) were stained in the pig ™ch for up 
fine powder and solution wa. transported out of the stonxach m 

manner (26). 

The acidic environment ana mc p 

a n.,or ro.e in the distrup«on ^1^0... ^ the 

predetennined tin.e "-^^-^^^r sha^ and fining the folded 
reproducible cutting, folding, maintaining 

sheet into capsule shells. 

2. Floating and Buoyancing System. 

stomach for a longer hme (9 12). ^^^^^ ^^^^ 

. ;« v.fl«5ed on two main techniques. The first 
- --^-roflSrcr — and coated with ^tective 

e 4 t^^ri in the cores ^ help the ^ten. to float on *e 
tenTiri or most Of the soluhle ingredients ^ released ^d 
the system collapses. 

..e second s,ste»is »ade of cores that, in ^ '^-^res. 

chemical suhst^^ces. which ^^^^^ ^^J^^^,^^ earhon 

for example, containing carbonate and/or bicarbonate g 

for example hydrochloric acid in the stomach or 

dioxide in the reaction wrth *e »xy 

incorporated organic acid m the system, ine g 



^dioxide within the encapsulated cox. help in floating the dcn«. 
dioademtn Hsars from the stomach when the 

inflated device later coUapses and clears Irom 
generated gas permeates slowly through the protective coat. 

^e maior sethaCs of these technologies are the ^ferent^^vel J hyd.a.^ 
and swluing of the agents under different stomach — ^ ~r 

H »nd oresence of water and foods have an unpredictable effect on tne 
pH and presence oi deflation and/or erosion 

swelling agents. The time required for sweurng an 
rl the successfulness of the system and the gastric resid^ice tn^. 
Xin the swelling or fast deflaiion or erosion will cause early tr^isit of 

the device to the duodenum. 

...eUohserved.. — 
.^l^asi^car^e..^^^^^^^^ 

d::ces^l- that the deuces may he re^ed for up .. hours 
. .ed subjects compai^ to only . 

":rofte^rrar:rr^«-^---- - 

rrri™^-needs. ^hydrationan„. 

r.iiblications recommend that tne niins>"""* j . a 

(if it is needed for gas evolution) . have good ^d 
^ the drug whUst retaining the evolved gas for a considerable hme. 

to general the effectiveness of the floating system is -^^^^^^^ 

. Af^A\ r.rp<5ence of water and the body State 
subjects conditions (fast and fed) presence of 
(position) the housekeeper waves (m phase 3 of the "^termg 

7 L «.mnlex IMMC. which occurs eveiy 1-2 hours (8) ), and the 
myoelectric complex, IMMC j^^on „.echanism and other 

device properties, such as size, densiQr, inuau 
formulation factors. 



3. Bioadhesive System. 



intensive studies have been carried out since this approach was first 

impark and Robinson in 1984 ,16). on a wide range of naW 
Z^Ll polyn^ers for their bioadhesive properties. Anionic polym«^^ 
^Zl^Z rboxy n.ethy: cellulose has a better bioadhesive proves 

neutral and cationic polymers. This finding was disputed later 
rnlercationicpolymersweresuccessfully.sted(17). B.— e 
polymers can provide a good vehicle for deUvery of drugs to a nuraber of 

at the polymer-mucus boundary. 

A group of researchers (18) have appUed the commercially available 
l!Zte ,an aluminum salt of disaccharide used in heahng duoden^^d 
sucrauaic^m a eastric retention system m 

gastric Ulcer, - ^ "^-'^^^'^^^rrip-sed tablet was found 
combination with high viscosity methocel, the comp 

. adhere to a glass surface ^ -^Z::2::ZZl Zo^o^ 

0.1K hyd^chloric 7- - -;7^:rZrsuc,^ate e:«rts its healing 
acid to form a very tacky gel. Itisbeneveo ,w»riherineto 
action not by neutralising the excess acid but by mechanically adhenng to 
the proteinaceous exudate at the ulcer site. 

Meally me muco-adhesive polymer should adhere to the gastric mucus layer 
removed spontaneously ftom the surface by various physiological 
^Tdiffe^Ls in the physico-chemical nature of these polymers 

Z .e v^.. — — =^^^^^ 
peristalsis and mucm turnover rate, gasLi f 

of foods make prediction of removal difficult. 



Although there is a substantial a»o,^t of Uterature relating to the 
..p^adhesive properties ot a wide range of polymeric materials, the 
C::r— ulc^aidateliasyettobefound. Proper selection and 

^oTtion of a successful gastroadhesive polymer — 
seve.^ in vitro and in vivo reproducible methods to quantify tiie intei«:tion 
between the pofymer and mucosal surf.ce under different e=*eme 
conditions. All factors directly and indirectly effecting tiie adhesion 

properties should be carefully and intensively stiidied. 

Carbopol and polycabophil were reported to have exceUent --^^^^ 

.1 T^^er^ii-f* tViese animal successes, test m 
rrooerties when tested in animals. Despite these aiumai 

irTLveshownratiierdisappointingresults. ^^J^'^-:^^ 
a 3 hour delay in gastiic emptying in fasted state of animals. the« s only 
1 5 hour delay in fasting humans (19, 20). In spite of the ei^ellent 

; a^live ^.pertics of poiycarbopbole and ^-^-^^-^^^^^X 
hydrogen bonds provided by tiie carboKyl group, the disappomting results 
L beUeved to be due to tiie i^t tiimover of gastiic mucm m man. 

4. Ion Exchange Resin. 

Xn a pubUshed stiidy (21). fast dissolving fr^ dried tablets conte^g - 
aniol ion-exchange resin (DuoUt« AP-143) i^vealed P"'»^;-<= 
^idence and uniform distiibution of tiie resin withm tiie stomach 
Cisstiieir particle size distribution. The ion-e.change «sin. un^e 
regardless m p ^„hlr marker dietiiylenetriaminepenta-acetic 

tiie water soluble non-absorbable marker oietny „^v,f„runto5 

acid co-administered witii tiie resin was retained m tiie ^t""-"* .^'^ "^ 
lis. It has been suggested tiiat tiie ion-exchange resm con^edm tiie 
dosagef^^mayhave.— 

:r.:rresrd:!i:rtphysic.Ldphysioiogicai— 

required to justify whetiier tiie anionic exchange-resin is a suitable 
candidate as gastroadhesive ^ent. 
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^ . u .f„dv (10 1 H radio labeled ion-exchange resin loaded 
in another human study ^^^^ ^ stomach 

with bicarbonate ions and coated with ethyl ce 

signifieantly longer than non loaded ^^^^^'^'^-'^JT^Z^^^^ ions to 
g^erate carbon d.o»de. ^^^^^ j,„,tmg whUe there 

stomach for local use. 

5. Magnetically ControUed Gastric Residence. 
.l^ertabletcompris^ofad^Slaye^^^^^^ 

hydroxypropylmcthylc^^^^HPM^^^^^ ..ehlayerwas 
of ultra fine ^en- -dH™^ ^ ,,,,, was 

r rrrrCS:: ..^.^.^ acetate copolymer. Mter 
:;Lrrcoated magnetic layer was stuC to the drug l^r with 
cyanoaciylate-type adhesive. 

^ . an^ study was pe^ormed --^ "^ ^^Z^^^^ 
layer tablets (drug only layer without tlje ^^^^^^ ^denoy 
Choththedrugand^e ma^^^^^^^^^^^ The istHc residen. 

time, a magnetic field °^ significantly increased 

and the drug bioavailability of the bilayer taoi 
by the appUcation of the magnetic field. 

was shown to work but is rather difficult 

of applying of more than 1000-G magnetic field is unproven. 
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SUMMAOT OF THB iNVEKnON 

««n there is provide a pharmaceutical product 
According to the present mvention there IS pro f The 

for retention in the stomach. P-'^^'^* ^ ^"'^"'=^'^7," 
use ot extrusion enables the product to tal.e many useful forms. 

X.- u ^on v>p used to deliver drugs in a 
- technolo. is a — -7X^ra:::p.„n. A specially 
sustained release manner for local ana sy 

desired P— r er::™ra:::^trstoL. .r a 
different distinctave shape and size that c drug is released 

T^,-.r^r\a residency m the stomacn, 

and/ or systemic use. 

A prolonged gastric residence system of this invention can provide the 

foUowing advantages; enzvmes and 

1 DeUvery of drugs that act locally such as antacxds, enzyme 

antibiotics for bacterially caused ulcers. 
. Idinedroutefordru^that^^aedm^^^^^^ 

31S0 Lcted by high pre-systemic clearance m the ^ 1^ 
3. In.pr.vedbioavailabUi,yofdrugswhich,a,a«^^^^ 
high PH environment of the intestme, or (b) have a narro 

r:trTr:s:^-=---«-7::^^^^^^ 

sustained low concentration manner will remam m soluU^ - 
precipitate into a coUoidal form regardless of the. solubdi^ m the 
Maintaining the low solubiUty drug in solution or m Bne 
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dispersion wiU have significant influence on its absorption and ^ 

n""^ aWbea .on. the pro^. part o. the srnan in^s^^^^ 

such as nitrofurantoin, riboflavin, levodopa. p-anunobenzo.c ac^d and 
a^turinol ,2.3, are best adn^s^red in a gastric retent^ve dev.ce to 

imorove their bioavailability. 

TZoU^ release of drugs ^th site specific absorption iinutat^ns^ 

■ Drugs that are absorbed rapidly from the GIT. such as a^ox^c^ n are 
Drugs mat formulated 
best released slowly in the stomach. These drugs can 

into a retentive device to expand their therapeutic wmdow. 
. overall improved bioavailability of drugs by increasmg the total 
• gLointeLal retention time. The abiUty to retain the dosage o^ 
tithin Ihe stomach would provide a constant stream of s^^ of the 
drug over a wider absorption area. This will prov.de optm^um 

conditions maximizing drug absorption. 

1 • c «r,tibiotics with less likelihood disrupting the normal 
8. Effectively usmg antimoucs wiui 

lower intestinal flora. 

fi antibiotic ) and/or continuous neutralisation of the excess acid. 
(i.e. antibiotic ) an / ^^bined tr«itnient of omeprazol 

efiective m c amoxyblm and 

ulcer dyspepsia than omeprazol alone. Tne nig 

Ulcer y P ^ systemic rather than local action. The 

metronidazole IS required for their sys j^^^. Retention 

drue transit through the stomach is reported to be about in 

— d drutelease in the stomach wiU benefit local action and 
hence, reduction in the total dose required. 
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A 4. (0'=(\ t^at m 60% of Helicobacter pylon 

^ «^^it^r.n it has been demonstrated (23) mat, in o 

^n addition It has Dee fWal reaon of the stomach, in 

sufferers, the organism was found m the fundal re^ 

, ^ J in 14% in the gastric antrum (32 /o having me 
45% in the body and m ^^J^" ri^ereior.. for the 

nucroorganism in more than one region o ^^^r rerion of the 

• w of sufferers the Helicobacterpj/Ion IS in the upper region 
majority of sufferers, uic . not only provides the drug 

stomach. The floating sustained release device not on y p 
for local use hut also provides the drug where it is needed. 

. one emhodiment. the P";— ^^^^^ 
.ydratahle polymer, .e^^t^-^-^^^ 

outofthestomach "^"^ '^he sheet is made by e:ctrusion of a mix 
perhaps at least 12 mm ^J^^^ «ie 
of active ingredient and P^l^^- ^^^ ^ple takes Hic 

mix is preferably extruded as a ^^^J^^^^^^^ ^ 

- - r Tp^r— /ITap^-ssolves and ^ 
then be filled in a capsule. Upon sw be employed for the 

^n^hydrates^dunroUs. °--<=:;l-:~Toi:eIsLt, or 
Sheet of hydratable polymer, and for example 
otherwise compacted. 

. « ™n be made by melt extrusion. Redesigning 
Sheets of this invention ^J^^ J^^,,^ ean either be 

only the extrusion mold can produce a pre „„„ed flat sheet may 

^en orally directly or after niling into ^^^^^^^^^ 

:^r::::":gofthede.se. Witbar^e^^f^-n. 

V. i«Hividual characteristic of buoyancy (high-density 
polymers, each individual cnar ^^^ed The opened sheet 

for prolonging the «sidency time in the stomach. 

H e«rUcr the folded sheet could be filled into capsules using a 
AS mentioned earto &e to ^^^^ ^ 

tablet filling mechamsm. The loia 
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^5 0-9.0 mm .Uameter and 14.2-24.4 „„n in length to either match the 
dimensions for direct deUvery or for filling into size 4-0 elongated capsules. 

A prefened system comprises of a single folded sheet opened flat upon 
hydration by the gastric media. Tl.e medium to low density polymer ar.d the 
geometrical size and shape of the sheet grants prolonged residency m the 
stomach. The presence of water and food in the stomach could be a vxta^ 
factor in maintaining the buoyancy of both systems necessary for preventmg 
an early transit of the system out of the stomach. The sheet may mchxde 
acid or enzyme degradable materials, for exaniple polymers, wtach wdl 
eventually be digested and thus change the physica structure, for example 
by fragmentation of the sheet, and make it susceptible for evacuation wxth 
the stomach contents. 

in another embodiment, the product of this invention comprises a ^ed 
hoUow tubular extrudate. A mix of suitable ingredients mcludmg thea<*« 
ingredient is extruded as a tube, and is cut when still pliable to se^ the_cut 
ends, ^suiting in a hollow particle with active ingredient m the walls. The 
specific gravity of the particle is such that it floats on gastric juices, and 
gradually releases the active agent. 

^sproductcanbemadebymeltextrusion. '^''^ ^^^^^^^^^^ 
simply be modified to extrude hoUow tubes rather than soUd str^d. These 
tubL can be made with different inner and outer diameters and can also be 
cut to any predetermined lengths. 

The method of executing cutting whUe the extrudates (soHd slxands or 
hollow tubes) are hot and flexible is called surface cutting. The cuttmg 
bles ar. mounted on the die plate to provide an immediate cut ^at blmds 
the cutting edge of the tube while it is still in a semi-melted condrf on. The 
produced hoUow extrudate tubes provides a low density product wxth 
significant bu<^cy power. In this dosage form the drug can erther be 
loaded in the tube wall within the protective modified release polymer or can 
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^ra,..id.oi«««™i"''»i ,„.bS»™ia«i«« hollo. 

content is diimmshed. Tmswuioi. Thu ..Htnination 

soluble con^ponents are released fiom the dosage form. Th s ° 
Ln. the Je waU ^ create pores allowing water penetration mto the tube 
voids This wiU balance the density differential and hence the 
li^^pliculates sink down and are transported with other gastnc contents. 

HoUow tubes can be heat sealed at both ends. The trapped ^J^^ 
^dprovidesiloatingpropertiestothedevice. ^^^^^^^^^^ 

propLd soUd dosage form wiU be much lower than the ^^J^^^ 
LwVs transition Tg polymers with or without pla3h.^ (e^^^ 
RSP? ethyl ceUulose. polyvinyl acetate phthalate and other) can be loaded 
TellBande^ctrudedasahoUowtubes. PeUetisation by surf ace 

cutting WiU boost sealing of the two ends of the tubes. 

capacity can be designed for gastnc iilcer trea^ 
pylori. 
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XiLAIMS 

1. An extruded phamxaceutical product for retention in the stomach. 

2 An extruded pharmaceutical product according to claim 1, compri«ng 
■ a sheet of hydratable polymer, the hydrated sheet being of a size wh>ch 
will not pass out of the stomach. 

3. An extruded pharmaceutical product according to claim 2, wherein the 
sheet is extruded as a shaped sheet. 

4. An extruded pharmaceutical product according to claim 3, wherein the 
sheet takes the form of a roll. 

5 An extruded pharmaceutical product according to claim 2. wherein the 
sheet is extruded as a planar sheet and is folded or otherw.se 
compacted. 

6. An extruded pharmaceutical product according to claim 1, comprising 
a sealed hoUow tubular extrudate. 

7. An extruded pharmaceutical product according to claim 6 comprising 

a tube sealed at both ends. 

8. An extruded pharmaceutical product according to any preceding 
claim, comprising a fiHed capsule. 
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